Postoperative pain prevention and treatment continues to be a major challenge in postoperative care and plays an important role in allowing the patient to move and feel better. Although opioid drugs are commonly used in postoperative pain management, they are accompanied by side effects such as nausea, vomiting, drowsiness, itching, and urinary retention, leading to restriction of their use [1] . Other methods such as epidural analgesia are effective, but require extra effort and are associated with serious complications. Nonsteroidal antiinflammatory drugs (NSAIDs) are also used for postoperative analgesia, but may be accompanied by damage to gastrointestinal mucosa,
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bleeding, renal toxicity, allergic reactions, and heart failure. Selective cyclooxygenase-2 NSAIDs have pro-thrombotic properties and increase the risk of stroke and myocardial ischemia [2] . A multimodal approach is proposed to relieve postoperative pain and reduce drug side-effects. Considering that surgical stimulation is associated with peripheral and central sensitization, anti-hyperalgesic drugs can treat postoperative pain by preventing central nervous system pain hypersensitivity [3] . Examples of these drugs are gabapentin and pregabalin, which are anti-seizure, anti-hyperalgesic, and anti-anxiety drugs. These drugs bind to the α2-δ-1 subunit of voltage-dependent calcium channels found in the central nervous system. Pregabalin is structurally similar to gabapentin and induces a greater analgesic effect than gabapentin in the case of neuropathic pain, diabetic peripheral neuropathy [4] , and postherpetic neuralgia [5] in animal models. Due to the increased bioavailability (90% vs. 33-66%), more rapid absorption, and a linear increase in blood concentration with increases in dose, pregabalin is preferred over gabapentin. However, these drugs have side effects such as somnolence, dizziness, nausea, and vomiting.
Gabapentin and recently pregabalin have been used in many studies to control postoperative pain [6] . However, few studies have compared the effects of these drugs on pain control. This study evaluated the effects of pregabalin and gabapentin on postoperative pain in patients undergoing laparoscopic cholecystectomy, and compared them with a placebo group.
Materials and Methods
In 2014, 108 candidates for laparoscopic cholecystectomy who were between the ages of 20 and 60 with class 1 or 2 American Society of Anesthesiologists and admitted to the Shahid Beheshti Hospital at the Kashan University of Medical Sciences (KAUMS) were enrolled in this randomized, doubleblind clinical trial study. After obtaining university ethics committee approval (NO: 9002) and informed consent, patients were divided into three groups using a random number table: gabapentin (n = 36), pregabalin (n = 36), or placebo (n = 36). Patients received 800 mg of gabapentin or 150 mg of pregabalin orally one hour before surgery in the gabapentin and pregabalin groups, respectively. Patients in the placebo group did not receive either of these medications. In this study, the surgeon, patient, and postoperative pain controller did not know what medication was administered.
After entering the operating room, patients received 10 ml/ kg of Ringer's solution. Heart rate, blood pressure, and blood oxygen saturation was monitored. All patients received 2 µg/kg of fentanyl and 0.05 mg/kg of midazolam as premedication. After five minutes, anesthesia was induced by thiopental (6 mg/kg) and 0.5 mg/kg of atracurium was used to facilitate intubation; patients were then ventilated with 100% oxygen and intubated with an appropriately sized cuffed tube, after which anesthesia was maintained using 100% oxygen and isoflurane. Atracurium (0.2 mg/kg/h) and fentanyl (2 μg/kg/h) were used for intraoperative relaxation and analgesia. Capnography was used to measure end-tidal CO 2 for all patients and all surgeries were performed by a single surgeon. After surgery, patients were reversed with neostigmine (70 μg/kg) and atropine (40 μg/kg). After extubation and ensuring adequate ventilation, patients were transferred to the recovery care unit for 2 hours and then to the ward. Postoperative pain intensity was measured and recorded based on the visual analogue scale method 2, 6, 12, and 24 hours after surgery. In the cases where the patient felt pain in the recovery room, if the pain score was more than 4, the patient received 25 mg of intravenous pethidine. After patients were transferred to the ward, analgesia was administered by pethidine via patientcontrolled analgesia. The amount of opioid consumed, number of nausea events, vomiting, and pain scores at 2, 6, 12, and 24 hours after surgery were recorded. This information, together with the demographic characteristics of the patients and the duration of surgery, were analyzed using SPSS software. Data were analyzed using a repeated measurement test, one-way ANOVA test, chi square test, and post hoc Dunnett's T3 test. P values less than 0.05 were considered statistically significant.
Sample size
By comparing two mean formulae and comparing μ1, μ2, δ1, and δ2 of similar studies for pain intensity [7] , μ1, μ2, δ1, and δ2 were (1.99), (3.33), (1.37), and (1.48), respectively, with a 95% confidence interval and 80% power for finding the difference between groups. Based on these results, 36 patients in each group were identified.
Results
In this study, 108 candidates for cholecystectomy were placed in gabapentin, pregabalin, and placebo groups. There were no significant differences between patients in terms of sex, age, duration of surgery, and anesthesia ( Table 1) .
Comparison of post-operative pain intensity between groups at consecutive times using repeated measurement tests revealed that the pain intensity differed significantly between groups (P < 0.001). The gabapentin and pregabalin groups had lower pain intensity than the placebo group and over time after the surgery the pain intensity in the pregabalin group decreased more than in the gabapentin group (Fig. 1) .
Repeated measurement tests on the mean postoperative pethidine consumption revealed a significant interaction between groups (P < 0.001); therefore, a comparison between groups was not possible. Pethidine comparison at each individual time (based on a one-way ANOVA test) revealed significant differences between groups. Post-hoc Dunnet's T3 test also revealed that all pairwise comparisons between-groups were significant (P < 0.05). Fewer drugs were used in the pregabalin and gabapentin groups, and drug use was lowest in the pregabalin group (Table 2) ; however, this difference was not significant.
At 6 hours after surgery, both pregabalin and gabapentin groups had significantly less nausea than the control group. No significant differences were observed between the groups in terms of nausea at other time points (Table 3) .
The pregabalin and gabapentin groups had significantly less vomiting than the placebo group. The pregabalin group had less vomiting than the gabapentin group, and this was statistically significant (Table 4) . Values are expressed as mean ± SD or number of patients. P value represents a comparison between gabapentin, pregabalin, and placebo groups. Values are expressed as mean ± SD. *P < 0.001 compared to the placebo group: one-way ANOVA test. Values are expressed as number (%). *P < 0.05 compared to the placebo group; one-way ANOVA test. Values are expressed as number (%): chi square test. *P < 0.05 compared with the placebo group. † P < 0.05 compared with the gabapentin group. 
Discussion
Gabapentin and pregabalin are classified as anti-epileptic drugs, but analgesic and anti-anxiety effects have also been reported [8] . Both drugs have an elimination half-life of 6-8 hours after a single dose. The bioavailability of gabapentin varies with dose and ranges from 35-60%. At our dose (800 mg), 35-40% of the drug (300-320 mg) is absorbed, while 90% of pregabalin is absorbed. Gabapentin reaches its peak effect within 2 hours, while the time to reach the peak effect for pregabalin is 30-120 minutes [9] .
The results of this study revealed that gabapentin (800 mg) and pregabalin (150 mg) administration before surgery decreased cholecystectomy postoperative pain. Additionally, pain decreased more in the pregabalin group than in the gabapentin group over time.
Several studies have explored the effects of gabapentin on acute postoperative pain, supporting the effectiveness of the drug in reducing pain and lowering opioid use rates after surgery. In a previous report, Forouzanfard et al. [10] compared the effect of 1,200 mg of gabapentin and placebo on pain after abdominal hysterectomy. The results revealed that during the first 24 hours, patients in the gabapentin group experienced less pain and had lower opioid consumption. Other previous reports have supported these results [11, 12] .
Pregabalin is also effective in controlling acute postoperative pain. Agarwal et al. [13] found that pregabalin significantly decreased pain in patients during movement and at rest after laparoscopic cholecystectomy surgery. These results have been confirmed by Carmichael et al. [14] and Ittichaikulthol et al. [15] .
Various studies have observed the effects of gabapentin or pregabalin on reducing pain and opioid consumption in patients undergoing surgery, but limited studies have compared the effects of gabapentin and pregabalin on postoperative pain. In a previous report, Ozgencil et al. [6] compared the effects of pregabalin, gabapentin, and placebo on post-operative pain. They found that postoperative pain was lower in the gabapentin and pregabalin groups than the placebo group at 6 hours after surgery, but observed no significant differences between the three groups at 12 and 24 hours. Morphine consumption was significantly lower in the gabapentin and pregabalin groups compared to the placebo group. In our study, the pain difference continued until 24 hours after surgery. This may be due to increased consumption of morphine in Ozgencil's study in the placebo group after the 6-hour time point compared to the other two groups. Ghai et al. [9] gave patients 300 mg of pregabalin, 900 mg of gabapentin, or placebo 2 hours prior to hysterectomy. Muscular diclofenac and tramadol were used for postoperative analgesia. They found that the length of analgesic demand and analgesic consumption were both lowest in the pregabalin group, which supports our results.
Several animal and human studies have reported that mechanical damage to nerves increases neural discharge to the central nervous system, leading to the 'central sensitization' process [16] ; gabapentin and pregabalin may interfere with pain processing, leading to sensitization of the central nervous system and decreasing the experience of pain and neuropathic pain [17] . An imaging study using functional MRI revealed that gabapentin decreased activity of the brainstem during central sensitization. Additionally, gabapentin suppressed the stimuli, leading to deactivation (from other regions of the brain) during central sensitization. This indicates that pain modulation by gabapentin occurs in the presence of central sensitization [18] . Gabapentin and pregabalin may exert their effects through a2-δ-1 protein subunits of voltage-dependent calcium channels, which are dense in the posterior horn of the spinal cord rather than the anti-inflammatory compounds [19, 20] . Another mechanism that leads to pain relief through the drugs' effects on a2-δ is their effect on the descending regulatory pathway [21] . Finally, local changes in the function of spinal norepinephrine induced by these compounds may regulate pre-or post-synaptic afferent input and potentially lead to clinical adjustment of pain [22] .
Nausea and vomiting are postoperative concerns, and about 53-72% of patients require postoperative anti-nausea and antivomiting treatment after laparoscopic cholecystectomy [23] . In this study, nausea was significantly lower in the gabapentin and pregabalin groups than the placebo group at 2-6 hours after surgery; no significant differences were observed at other times. The number of cases of vomiting was significantly lower in the gabapentin and pregabalin groups than in the placebo group. In a previous study involving 250 patients undergoing laparoscopic cholecystectomy, postoperative nausea and vomiting in the group that had received 600 mg of gabapentin were significantly lower than in the placebo group [24] . Two systematically conducted surveys have also shown that nausea and vomiting in cases of gabapentin and pregabalin administration was lower than in the placebo group [2, 25] . The mechanism of gabapentin on postoperative vomiting remains unknown, but there are two possible causes: 1) an indirect effect that reduces postoperative nausea and vomiting by decreasing opioid consumption; and 2) a direct mechanism that decreases postoperative nausea and vomiting by decreasing tachykinin neurotransmitter activity [26] .
The results of this study revealed that gabapentin and pregabalin were effective in controlling laparoscopic cholecystectomy postoperative pain, nausea, and vomiting, and compared with the placebo group, decreased opioid consumption. Moreover, the findings revealed that pregabalin is superior to gabapentin for reduced postoperative pain and opioid consumption.
